Introduction
It is commonly accepted that a difference exists between male and female in cognitive abilities. The difference in the academic achievement of boys' and girls' SAT scores (Scholastic Achievement Test) showed that mean grades of the girls in English and foreign languages are considerable higher than those of boys, whereas the grades of the boys are barely higher than those of girls in mathematics and physical science (Krausmeier, 1985) . Maccoby (1966) reviewed approximately 1600 articles that provided information about psychological sex difference and arrived at conclusions regarding sex differences: girls are higher than boys in verbal abilities, such as reading, vocabulary comprehension, and spelling. He also found that boys are higher than girls in spatial abilities, quantitative abilities, and aggressiveness (Maccoby and Jacklin, 1974) . The female advantage of verbal abilities has been reported in various facets such as in spelling (Feingold, 1988) , verbal fluency (Kimura, 1994) , reading (Kimura, Saucier, & Matuk, 1996) , verbal memory (Stumpf & Jackson, 1994) , and visual memory (Harshman, Hampton, & Berenbaum, 1983) . Krausmeier (1985) reported a sex difference in verbal ability in 40 boys and 40 girls of 10-year old children.
The results showed a superiority of girls over boys. The mean verbal ability of boys was 122.2 (range from 72 to 149) whereas that of the girls was 132.6 (range from 82 to 157).
Long debates of nature and nurture problem clearly point out that biological factors seem more strongly related to cognitive abilities than environmental factors (see Caplan, Crawford, Hyde, & Richardson, 1997 for the nurture view). For example, Kimura (1999) reviewed studies and concluded that the most sexually differentiated functions are strongly influenced by early and/or concurrent hormonal environments.
Almost all evidence that contributed to the debates was from the behavioral data of children and young adults, that is, they are all from the examination of early stage human development.
It is not clear, however, whether a sex difference in cognitive abilities remains stable throughout human life or if it changes in the middle or at a later stage of human development due to the influences of various environmental factors, such as education in school, working experiences, encountered events in daily life and biological factors such as hormonal environments.
The background of this inquiry comes from several recent findings in brain science that learning experiences or environmental factors affect the brain function, especially the prefrontal cortex related function such as attention, memory and verbal ability.
First, neuropsychological findings by brain damaged case studies, behavioral studies, and brain-imaging methods showed that cognitive abilities such as attention, memory, and verbal function in humans strongly related to the systematic function of prefrontal cortex, sub-cortex and cerebellum (Gazzaniga, 2005; Hatta, 2003; Hatta, Hasegawa, & Wanner, 2004; Hatta, Ito & Yoshizaki, 2001; Hatta, Masui, Ito, Ito, Hasegawa, & Matsuyama, 2004; Ito, 1998) .
Second, recent brain-imaging studies also revealed a system- The second purpose of this study was to examine the validity of Kimura's model for sex and cognition. As described earlier, Kimura (1999) were also included to control the sampling bias. The background and methods of the cohort study are reported in greater detail elsewhere (Aoki, & Ito, 1999) . This study analyzed only the D-CAT data given in August 2003. All the data in this analysis was obtained from volunteers who had no neurological or psychological anamneses. Table 1 shows the participants' demographic data. Participants were classified into 4 age groups, 40's, 50's, 60's, and over 70's age groups. Official statistics as for the discrete mean climacteric age in Japanese women does not exist;
however, it has been reported that it must be around 50 years old is not regarded as a sensitive measure of mild dementia, participants whose performance was less than 2 SD from the mean in the memory, Stroop, and Money road tests were also excluded because they were given the suggestion by the Yakumo Town cohort project administration office to visit hospital for precise examination. Thus, 20 participants were deleted from the data analysis.
All participants were given an informed consent sheet and only those who agreed with participation were included. Welltrained examiners administered the D-CAT, verbal fluency test and memory test.
Materials and procedure

Perceptual speed
To examine perceptual speed, this study employed the D-CAT test (Hatta, Ito & Yoshizaki, 2000) . The test sheet consisted of 12 rows of 50 digits. Each row contained 5 sets of the numbers 0 to 9 arranged in random order. Thus any one digit would appear 5 times in each row with randomly determined neighbors.
The D-CAT as a whole consisted of three such sheets. Participants were instructed to search for the target number(s) that had been specified to them and to delete each one with a slash mark as fast and as accurately as possible until the experimenter sent a stop signal. There were 3 trials, first with a single target number refers to the total number of digits the participants cancelled in three digits target condition. This also relates to the components such as the information processing speed and focused attention and this study maintains that there was more engagement of sustained attention or working memory in the three digits condition, Hit 3, than one digit target condition, Hit 1. Omission ratio is also one of the indices of D-CAT and it reflects components mainly such as sustained attention and selective attention. Omission ratio was too small one (less than 0.01 %), hence we do not refer to it in this study. The rationale, validity and reliability of D-CAT as an attention test are evident elsewhere (Hatta, Ito, & Yoshizaki, 2005) .
Verbal memory
The delayed logical memory test Japanese version (Wechsler's Memory Scale-R: Japanese version, Sugishita, 2002) , which consisted of 25 segments, was given as logical memory. The participants were asked to recall the short story. They received no prompting. After several cognitive test items including the D-CAT were compiled, participants were asked to remember the given story as correctly as possible. The mean memory interval in logical memory recall was 15-17 minutes. The interval was not necessarily identical among the participants; however, all cases involve some long-term memory stage.
Verbal fluency
The examiner administered Japanese letter fluency test (Japanese version by Ito & Hatta, 2001 ). The participants were asked to generate Japanese nouns that begin with each letter, /a/, /ka/, and /shi/, as many as possible for 60 seconds for each letter. The examiners noted inhibition when subjects reported proper nouns.
The examiners instructed the participants to not repeat the same words they reported earlier. The examiners measured the total number of generated nouns for the letters.
The same examiner administered the D-CAT, logical memory and letter fluency tests for each participant as a part of the neuropsychological examination of the Yakumo project. Table 2 and Figure 1 show 
Results
Hit 1
The performance of the 40's age group was better than that of 50's (p < 0.001), performance of 50's age group was better than that of 60's (p < 0.001) , and performance of 60's age group was better than that of 70's+ (p < 0.001). In other words, the perceptual speed in single target inspection decreased gradually from the 40's. The sex difference in Hit 1 performance showed up only in 40's age group (p < 0.001), whereas there was no significant sex difference in the other age groups (50's, p < 0.30; 60's, p < 0.92); and 70's+, p < 0.29, respectively). Table 3 and Figure 2 show Hit 3 performance of male and female participants in D-CAT as a function of age group. The performance of the 40's age group was better than that of the 50's age group (p < 0.001), performance of the 50's age group was better than that of the 60's age group (p < 0.001), the 60's age group was better than that of 70's+ onward (p < 0.001). That is, the perceptual speed in cognitive demanding target inspection task decreased from the 40's age group. This study found sex difference only in the 40's age group (p < 0.001), whereas there was no significant sex difference in the other age groups (50's, p < 0.69; 60's, p < 0.64); and 70's+, p < 0.44, respectively). Table 4 and Figure 3 show logical memory scores of male and female participants as a function of age group. The performance of the 40's age group was better than that of the 50's age group (p < 0.001), the 50's age group was better than that of 60's (p < 0.001), the 60's age group was better than that of 70's+ onwards (p < 0.001). That is, the logical memory performance decreased gradually from the 40's age group. This study found sex difference in logical memory performance showed up only in the 40's age group (p < 0.001), whereas there was no significant sex difference in the other age groups (50's, p < 0.14; 60's, p < 0.44);
Hit 3
Logical memory
and 70's+, p < 0.82). Table 5 and Figure 4 show letter fluency scores of male and female participants on the D-CAT as a function of age group.
Letter fluency
The results were slightly different from the above three measures. The performance of the 40's age group was better than that of the 50's age group (p < 0.001), the 50's age group was better than that of the 60's age group (p < 0.001), whereas the and over 70's+ age group, p < 0.16, respectively).
Discussion
The purpose of this study was to examine sex-related developmental changes of perceptual speed (measured by the digit cancellation test), memory (measured by Wechsler's logical memory), and verbal fluency (measured by letter fluency test) in middle and old age people.
There are two reasons to conduct the present study. First, there is not much data related to sex difference in cognitive abilities in later human life stages. Second, we aimed to examine the validity of a recent hormonal model for sex differences in cognitive abilities proposed by Kimura (1999) by the examination of cognitive performance in middle and old age people. As expected, performance levels decreased gradually as a function of age. It was robust in perceptual speed and memory activities. However, verbal fluency did show rather different performance changes. The performance in the two oldest age groups was not different. These findings suggest that the age effect reflect different cognitive facets of abilities and it is not identical. This means that one aspect of cognitive ability deteriorates, while other aspect of cognitive ability still remains consistent for a while longer. More concretely, the findings showed that perceptual speed (or attention focusing and sustaining) and logical memory recall deteriorate faster than language generation as a function of age from the middle to old age.
There is ample evidence to suggest that neural components that relate to sustained attention (or working memory) and word retrieval; in other words, that relate to digit cancellation task, memory, and letter fluency test are different.
Therefore, our findings are not special. Actually, functional brain-imaging studies of intact adults have shown that the prefrontal cortex is activated during the performance of sustained attention (e.g., Awh, et al., 1996; Fiez, et al., 1996; Paulesu, et al., 1993; Jonides, et al., 1993; Smith, et al., 1995) . A fMRI study by Mead, Mayer, Bobholz, Woodley, Cunninghum, Hammeke, and Rao (2002) A plausible reason why deterioration on word generation ability by aging is slower than that of the perceptual speed and logical memory abilities is not apparent at present. One possible candidate of interpretation for this discrepancy might relate to the neural process complexity that relates to task performance.
In the letter fluency task performance, at least, participants have to search for nouns, which begin with a given target letter (syllable) from the mental lexicon and they must try to avoid proper nouns from the candidates and words generated earlier, then they must generate a word (to prepare neural coordination for word articulation). In other words, to complete the letter fluency task, various parts of neural components have to work together. On the other hand, in the digit cancellation task and memory recall, process in performing both tasks seems to be less complex than that of the letter fluency task. Low vulnerability by aging or endurance in cognitive ability might be the reflection of the degree of complexity of neural networks that the cognitive task involves. When a cognitive ability consists of stronger synergistic work of complex neurological components, it must be tough and invulnerable for aging. This interpreta- tion is based on the hypothesis that the healthy brain works in a solution-oriented way, that is, it works dynamically to seek the best solution (Hatta, 2003) .
Another possible interpretation is that as the letter fluency task consists of plural processes, word search, proper noun inhibition, and word articulation, the arousal level of neural function to conduct cognitive tasks maintains a high level in old age people compared to the fact that digit finding and memory recall consists of simple process.
In short, a different deterioration curve among different cognitive abilities provide suggestions of how to keep proper communication with middle and old age people.
Figure 4 showed also that the performance level in the letter fluency decreased gradually from the 40's to the 60's age group but it remained constant after the age of 70 years old onwards.
Since the finding seems to suggest the existence of rare elite survivor as Ribbitt proposed (Rabitt, Lowe, & Shilling, 2001 ).
As majority of people over the age of 70 are hospitalized, bedridden, or in sheltered accommodation, they are unavailable for testing in a health examination by the community health care system. Therefore, it seems certain that the older samples who have been assessed in behavioral testing of cognitive ability in old age have been elite and atypical members of their age groups.
As for the second purpose, there has been a long debate on the issue of sex difference (or gender difference) in human cognitive abilities, whether women and men differ in terms of their intellectual abilities. Women are sometimes said to outperform men in verbal ability, and men are said to outperform women in mathematical and spatial ability. Some researchers still insist that much research on gender difference in cognition has been poorly conceived and executed and its findings have been quite irresponsibly interpreted in order to keep women in their place (e.g., Caplan & Caplan, 1997) . They suggest that there are many profound conceptual and methodological problems that undermine the validity of research on gender difference in cognitive abilities.
However, more recently, Kimura (1999) reviewed studies that related to sex difference in various cognitive abilities from a wider viewpoint than that of Caplan and Caplan (1997) that verbal ability of a sex and perceptual speed is not constant throughout human development. It is expected that the robust sex difference in verbal ability and perceptual speed will diminish in elderly people, more concretely, after the age around menopause in females. In this study, we addressed the validity of Kimura's proposal. The results in perceptual speed seemed to coincident with Kimura's proposal.
As seen from Figure 1 and 2, the Hit 1 and Hit 3 performances were very similar. In relation to sex difference, females' superiority was apparent in the 40's age group but diminished from the 50's age group and hereafter there was no difference between males and females. As the average life span of the Japanese woman has increased from 50 years to 82 years old for the last 70 years, the mean climacteric age remains unchanged, around 50 years old (Taketani & Maehara, 2001 ). The finding that female superiority diminished from the 50's age group seemed to correspond with the proposal by Kimura from the viewpoint of the mean age of climacteric of Japanese women.
These results seem to support Kimura's hormonal interpretation of sex difference in cognitive ability and strongly suggest a possibility that the sex hormone such as estrogen suggests femalefavoring cognitive ability.
